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(54) OFDM SIGNAL DEMODULATING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an OFDM signal 
demodulating device which can perform an effective soft 
decision decoding operation by making every carrier 
obtained by an FFT circuit equalize the amplitude and 
phase of the complex data based on a reference symbol 
obtained by a reference symbol estimating circuit and 
using the said reference symbol as the reliability 
information on the soft decision decoding operation. 

SOLUTION: An OFDM receiving signal 10 undergoes 
FFT via an FFT circuit 1 1 and the complex data on every 
carrier are obtained. A pilot symbol extracting circuit 
12 extracts the complex data equivalent to the position 
of a pilot symbol included in a frame constitution from 
the complex data obtained by the circuit 11. A 
demodulated data equalizing circuit 14 corrects the 
transmission line characteristic of the complex data on 
every carrier obtained by the circuit 11 based on a 
reference symbol that is obtained by a reference symbol 
estimating circuit 13. Thus, the corrected complex data 
are obtained and then demapped by a demapping circuit 
15 to obtain the soft decision data. 
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[ttffflMtwttia] 

0FDM«f&Iit5 0FDM{f^« 
*ai«©«*f*-^ F F TIhISS t ; #fe*Lfc** 

v#A**JfclH]l&J: ; H«IBFFT|HliK(-J;oT#f>tbfc# 

A«3eia«»c ±ot# taxfcisfig i/y*n: i >9 « itr 
t«*« 2 ] ttmatmifi * ?> ^ : smewh^- * «mh 

mmmmz&m uxmrnrnm^-^^miE-r^mmm 

«jE0»i: i t Sr#® ir-rSit*^ 1 fS^O 

OFDMff^HSgo 

Sr«*.5»^-fctt, flWa«***tiE|lIlS-Cli|jESrff*)* 

v > n <fc Sr#m ir ft 2 IE*ro O F DM{g-5HgSSi£ 

go 

#v Misfit, *<o*aS*aE«©««IflE«r0i:-r5iiS: 

#m £ ^ 3 ft*^ 2 IE* w o F D M{f ^«f|&m o 
[ft*:^5] OFDMff^-£r^p-r5 0FDM{f-?§-1g 

IttaS*©**^-^ £#5 F F TElSSt ; »6>*b;fc«* 

tts^K^^— * «fc tmfi* ffiiE#Rav'v^ 
A^jeiaisjj: j:oT#fe*tfcg>Rg^^#/nt <t <o met 

IH#RS Wtf?/HttJ£@l& «fc o Ttftife $ thtc&M islstf 

1 tftftftuctb-cBWEFFTiHiiswm^iiJdf*— 
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«©ft**SrH-*i"5«**PHHaiSi: ; fl**f-g|g]iga> 

5 «A * tift r ir itSOF DMifM«i. 
[f9#«6] SS»fV$^A«$*i,fcOFDM«# 
^«p-TSOFDM«W$ISi-*3V^T, S0E3SB^:S 
10 ft O F DMflt^b#SSa«<0«^f-^ ?T»5 F F T 
miS 2: ; Gm&VHOStmi'i'tfA't: 1 W/S/Hgji 

5 1 v-^/wjiSglalBgi: ; ^fcgff W#7K£>Jg 
41* 1 K8lfeit-tZ>-»'#/i'M<mMmtm&t ; MfEF 
FTEliS»J:WlllrlE««MtlHllSP5a*©a*«*SrfflV'' 

ngs?^-* frmm'&m-t zmmmmmss t u 

^fig Lfc r 1 5r1#m t "T 2 O F DMff #«RISB. 

20 [0 00 1] 

I3B0§tf>JR-*-5Stfi#if] iW^B^fi, OFDM(Ortho 
gonal Frequency Division Multiplexing : fliKJiljBEfS: 

[0 0 0 2] 

[^5t5»S«] OFDMff^-SrSmL^^-rSS^, 1 

6 QAM (Quadrature Amplitude Modulation) ^>64Q 
AM* if <7>Q AM|©f-f ^^/^P*Jfe^j3V>-Cfi, 

0 3^-TJ;5{-oFDMSmff#3 OCO^&^^rF 
30 FT (Fast Fourier Transform) 088 3 1 Sr^T#JKilliK 

#RSV^#/uJt!£[lIgS3 3S:^UT*»fcJg#itfcffiaJp 
fc„ 4*J-«t LT 1 6QAM0?»^OTffi4a2&raEISrEI 

5 \Z7fi-to 

[0003] ^.tlUQP S K (Differential Quarternar 
y Phase Shift Keying) %:}?<Dg.Wlffift&(0 : r<<i??A' 

OFDMSIUff 4 OWB#p B ^^^rFFT(Hl8S4 1 ^r— 

4 2x^±^wmm<^wr>>-^/^t^.mmmm^4 3 

50 s/ fv-^IslBS 4 4 ^ffli/>Tffiffi^±T'#^;^fe 




[0 0 0 4] 

«»S*i«M4«:H6 (b) (^-To £<D«**»»«H* 

<xh#E|SID£*, o*9»|ghb-Ctr:y h^OT^SS^ 
0. o*fcttl. OirW^Sfcft, ««tt*sfls<ft 

[ooo5] **3ia 6 »eaii«^jaift*«Fi4Sr*i-ia^ 

(a) teS£S^&v^£\ (b) tt-^/v^^*6*dsS> 
[0 0 0 6] **Wtt±ifico«HBSr»*-r«*:». QA 

5 £ 1 0) pTIBfcO F DMffi#ttfH&1K«: 

[0 0 0 7] 

1 ^OFDMff-^mP^gfi. SRKK^S : OFDMff 
t^IltS O F DMff ^Ii«fi[^V^t , ^ftt^fE 

FFTlHlSSir ; #bttfc«*-^— 

F T IhISS J: o T# t>nfc#^S^^x — ^ ct>S*S 

[0 0 0 8] Sfc, QAM^I^60FDMff^5rS 
WrS*»W»2©OFDM«#1IWSg«tt, Stt^S 

^ : OFDMff^*ffiM-rSOFDM«-^aill3gSfc*3 
V>T, : $«OFDMff»^6>#lfti3SJS<Z>* 
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ffifflS Jp £ * S # J8 ^ >- ^/vSrift^-r 5 mm > >- *Vv#t 
^[h]S§^ ; «lrfBFFT|iIB5^J;oT#e>n*:#*aS«^ 

{Rm^(Dm^wc^^Mfxiy^^(om^^^^ 

ft L£;h/C*iiuSEF F TIUK^a^;**^— ^ SrffijE-TS 

«**fta BIS © ft * Sr ft*(J 569*- ^i:-T£J;?flfrit£ 

[0 0 0 9] S6>^*fcH»f f ^^^/^aEW{-J&^50 
F DM«#*tMfrT «##WJB 3 COO F DMff ^-upse 

eta, srsi* : am oFDMfi-§-^b#jRa6jK^* 
^sr^sFFTiaiigi: ; ^mmm^mi/^^ 

% 1 wtf/HBjgS-frS 1 v-v^Vvil^IUSSt ; i§3££ 
ttfc$«v^^/K7>fiBSr 1 J^ftft-rs^^^lSB 
«*&ftlHlSgi: ; WIBFFTElK*J:t^Hfr8B*»ftlHlKP5 

[0 0 10] 

40 10 \tO F DM^^mff -§-T + fc 9 , / -f XCO X 0 f£T&M 
(^OFDMff^A^^^So 1 fiOF 

DM$««»Sr«W"rSfc»OFFTlHll5T?«>5 0 

-§■1 4tt#na^^^«i^ia«5i 3^e>#btufc#flg^ 
50 v-^^vu dif-^) ^sg*g^j:mitasr«iE m 




5 

it) f *«»7*-*#ffcHK-T?&5o ywtm^i 5 

y fc° ^ ? L©CW^- * S: # 5 0fv ixfy/EllS 
£o 7tt^y fc'^IIIgSl 5t£<fcoT 

Sr*KEi-S«*flE»iEiaK"e*)5o #H8** l 8 ttfS<S 

y triEKi»^«»iai»* if te^sm lt^s 0 
[ooii] tfcinia i ClitotMS i <^J609oi& 

1 1 |:J;otF FTUW<Z)»r-^^#5o F 

FTHIKi l i:i;ot#?)^iIf-^^^ 13 5, 
h^^^VutttmusSi 2^J:or. 7i/-A»H 

-T^o i7 (a) C0<fc5^. j*m&<7>te 

te (H^e^^r^LWtt^— &%m*/<<4* 
0 7 (b) ^is^o^ti, v$fflij\mz.mM#) 

QAM^6 4 Q AM^i:*COQAM^^ia^&i-^V^r 

sp^jfes^i^/v (Mi/yM ^S-cfc5fc«>, 
#fi8'»^Hft^lHlK 1 3 {j:*3V^T|hJK l 2 T^tttB £*v 

[0 0 12] El 7 (a) <z>J; 5#:7U— J*«/?8; 

**r&Ji-«, Sf&Sttfc^-fn hv^^^V^it^F I 
R (Finite Impulse Response : WPB-f ^^A-^/t^g) 7 
^ /l^ — <£> L P F (Low Pass Filter) (^J;oT7^ 

^**^36SaS>5 0 El 7 (b) <^>7U-A«J*05ii 

[0 0 13] 0 6 (a) ttft6#*S*V^^(0«"C*!9. 
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fefifittl-CfeSo E16 (b) te, -^/V^-Xj&SdSfc 
5»^^eiS»C0«*««Ptt (««) <£>#J£:^L-^ 

[0 0 14] #cte % EIKl 4M*5^Tte. F F TIUSS 1 

10 l jcioTWfetbfc**^*^**^— ^SrElISi 3d 
J: o T# fejft&WB i/y^l: J; o Te2SK«H4*:*tjE 
(o*9*{fc) U ttuEfStD**?*— * (is is ;u) % 
i5 0 i #gc^)^-Y V T(DmMy s —9'% (Xd i, Yd 
i) b&*ZLb\zrrz>o ^bixfc**^-^*:^^^ 

So 6QAMT^fg£tVCV^i§ 
-&fiH5{^*"rJ:5*fflffl*BBiai:*So 0 5<£>ffiWite 

= 16fl^)^/K^^Wo tfyfSrbO, b 

1, b 2, b3tStt, (bO, bl, 
b2, b3) tm&ft&o **3, rr"CUb0, b 2& 
lf-^(-ML, bl, b 3^Q-t=— 9tZ.Mfcl'X\<^ 

s c m^i 4\cxy>nhntimmr-9<om^iT— 
9, &&*Qy s -9 t-t&t, mtbfrrmmr-9te^ 

[0015] 5i^J:^fV7t: 0 y/ 

com^ms\^-r 0 m s H5^iw*5J:u?q 

30 ift^-fo d8 (a) t^*5V^T, 7^— 9 isls#/U<D I $ft 
^r — (bO, b2) , Qlft^— 9% (bl, b3) 
t^-Ti: i*^-^. Q^-9th (1, 0) tt- 
3, (1, 1) te-l, (0, 1) ^1, (0, 0) fc* 
3^/^6 0 I*fty=— ^(D (bO, b 2) *3J:^Q$&^— 
^(O (bl, b3) <D&\?y h&ftftxiiX.Z>b, T — 
9isyi$/\o&-3<Dk%, b0, b lttlTb 2, b3 

o , t 2 — ^ i/y#/^- i(^ir#bo, bit^i-eb 

2, b 3 tel. ^ v-^-^Vv^ i b 0, bite 
0 T* b 2 , b 3 te 1 , 9 v'^/l^ 3(^)i:tb0, 

40 blfi0tb2, b3li0tft5 o B8 ( b ) CO^Wte 
Sit v-V^/^ I tt^l^-</^*fcteQ«l<Z>l^^H^*|-i" 
5 b 0, £*:teb l^tfe**J^ttl^T*fct), 0 8 (c) te 
I^«|lb2, Sfcteb 3 0ftW^t*fe6o 
[0 0 16] Ullgl 4^b#fcttfc I 7=-^. Qf-^ 

«) "CfcO, 08 (b) Rt^08 (c) Wotlf- 
Qf^i^lSt^bO, bl, b2, b3C0«¥lJ 

4 try hti:*^bSixfc«[) 5r#S («*js<o»^tt0 
50 Jftlil©*) o 08 (b) W@8 (c) <DM&, m 




i. 0-c*fc5 o W±-eo 1 1 -es&54§-3\ eiscd^ 

Sf^-^dS (I, Q) = (0. 6, 1. 2) co4§£\ *K 
W^7='— * (bO, b 1 , b2, b3) = (0. 2, 
0. 0, 1. 0, 0. 9) ^CD^S[HlgSl 7^ 

at3*x5. S»l 6-C»4, E&l 3i;iot*£^tifc 

3KJ;oreaS»©ffl»*«M*^*»4©-C, EKH 6 10 

Kismgl* (Rp i) ©Itf^SiLtlj:, 
l-ffl^i-5#RS->^/-K/P (Xiref, Yiref) <&«<g3rfHR 

Rp it Lt> WSrffl^So 

[ftl] 

Rpi = 

[001 7] #fiav^^/u<Dfi<i35S/h$^nri, ^<om 
mnmm^^t\^^>o r-wvisym&i 5 i-x 20 

X ft bixfc«-***ft<o««««*Srtto tttWJEf- 
*«>««*Sr«)l«**liEiaiSi 7KJ:otijEt5. El 

& 1 6 \Z. X o T# fe *Lfc«ttS/jN S V ^ £ * ^ 

(£>T% RJpJSf-^ i: LtliO 4fcli 1 t?fc5«^^ L 
"CfcSt^itbtbSo iot, «jK«*BjEE1B 1 70fh 
#e>*tfc«[^e>o. 5£r3l#, ft 1 6 ^ J: 

bion=(biin -0. 5) XRpi +0.5 n=0, 1, 2, 3 (16Q 
AM(Z)i^) 

^^T% biontt i S B n # 1 fcT y h <Z>*6 

jE«tZ>tt«3£7*— biintt i#B<7>«iHiR-e, n#@ 

[ooi8] mm^^m&^i 3\z, ^mmmx 40 

[0 0 19] ftffi&tf-gm&l 6tt, ***«-ctt, g 

ftx>< n 5/ viy^^^^hm^xnt^m^^^^(o 

«B«r«B«Rp i i:Ufc*s, m««ds 1 £*Ji<Z>t§^«: 
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wmt^x^^^m^, mm e-v^mtvit^ -to 

[0 0 2 0] ftM&ttfFlHlK 1 6{^<toTffffl«Rp i 
Nl) is^»ft«>fcBI«[J:9*t v^a&«*3j:W*<o»as 

[0 0 2 1] QAM|WfV^^^»S^S§« 
MO F DMft -SHMI3£K$ 2 ^**««*^o y ^**B 

S:igi2^i-o Hi h<Dmf&<7>^^ 

ffijEHIK l 7 asff mftft-JneiB 12 8 l^t>^fc^t X 
fc£ 0 #»»fcov^, Hi 2|2:£<5#»fls«rttBiH- 

[0 0 2 2] ^«PftliIBSl 2 4"C*jtS*tfc* 

SIt*— ^ (Xd i, Yd i) ^^^^VW^J^IHSg 1 2 5 
-AA^ti^o HIBl 2 5^\*AJj£th1£tiim j r~#t: 

[^1] 

ir-T^o 1 6QAM(7)1^ 

[^2] 

Xdi, 9di 

fi, -3, -1, l, 3(0 5*>©looIS:i5 0 
^fESHllKi 2 6tt, UlSSi 2 s^fe^lfisRx— ^& 
^BB^^^it^lHlKi 2 3 icioTftbttfceaiK^ 
l»J:oT»5o o*«9, [HISS 1 2 5^^S 

W3] 

(Xdi.Ydl) 
(xdhf^Ydhl) 

[0023] ffisiT*— #«jeeik 127 -etemss 



(6) 



2000-13353 



10 



1 2 3fabftbtitz&mi't>'#/wmffi& i iz.rn.mkL 
(ffiffl*«»4««f) mmr-f&nzo abtntOLMf* 
(xhi, Yh i > t-rs. mffistt-jimsg i 2 
9-ei4mssi 2 QfabtoHgm?— $ tuiifsi 2 7^h<D 

[fc2j 

Rpi-- 1 



V(xhl Xdhi) 1 + (Yh! - Ydhlf 



10 



1 2 9*»e>fl.e>ixfc«[SrlHll»l 2 

-^130 r©f-^^t"^ e'»¥UJ£&-ff«;fe 

if©«c*ija»9ffrjE*^iiiis (Ba**n-f) »ca*i**i 

[0 0 2 4] #CCI, JS»3R«>f-f ^^A«BI*«felC«5 

^iswo f DMft^mii^Bm 3 (Dmmmm^ » y ? 

HSlHSrH 2 #ISt2 0liSM^-C&5« / 20 

^#^•2 lttOFDMSr^p-TSfcftOFFTlHliSgT**) 
S 0 :/ns'*##2 2tt£»«W«rfr5fc»» ««a6S£* 



CXn, 



.Yn,. .-, ) = 



«5itH:J:o-tiS»tK««:fT5SaBi«ilia»-C*>S. 

^ a y ^ 2 5 {*# 9 «rf* jx f ^ ^ 

W3eai*»*ir©iic*iJtiR9iriEiiii6 (n*$^-r) k 

v^ — y-^ElS, »t>triE£ill*©«*lHjlS*iftt«l» 

[00 2 5] jfcfcia 2 (cl^o T r ©H«i0iJ©tbf^*taW 
-T-5o *T OFDMCOgffff ^2 0&F FT|H]gg2 1 
£oTFFTL#*i£S©1lBK^-*4:fl'5. FFTHJ 
i&2 1 KioT^bn^sfflr— *a»P> 1 i/>-tf>-il3£ 

iH]8S2 2(^0^ #as^©sm-»-^vw^i ^^/i? 

[«3] 

1 

. (X i.i i, Yi. i-i ) 



) 2 + CY> 



[0 0 2 6] ^ir-e, (Xn i ,..,,Yn ,,..,) i # 

gcDi&i£$t-e ( s - i ) ms^SiiS^^^com^^ i 
icafcflSbfcUBKT*-^ (X i , 5 .,.Y i ..- 1 ) 
SroJRSIjS-c (s-i) SgcDSffv-^^-efeSo #: 

i*«©«[*f*-^ (X 1 , e .,,Y 1 ..- 1 ) t^n^*f 
2 SOEJISlCjiorWfenfclKftT*— ^ (Xn,^Y 

— * (Xd,,,, Yd,,,) £r5fc«>5 0 rco«*v='— ^ 

p>*u5 0 

[fU] 

(Xd,S ' Ydii) -(v2'V2j'(Xn,„.Yar,.) 

ftbtilttiLm^—f (Xd ii( , Yd,..) t:^^ 
#-^■2 5©fvy V^Ei&K J; oTy^y Life 

[0 0 2 7] Ell l i^*5V^T«ttttI«l*3j:VQ*llSrS 
to 111 (a) M*3l>T, iUff-^Vy^/WIr 

— (bO) , Qf-^S: (bl) I "f— 
Qf*— ^tt> (1) 1, (0) <D££\* 

ltfe^o mil (b) (Dmm^m ^^<d i 7 s — 



•tfUJ^-* tt tffflfIS* if <D<*W£K 9 ST 
30 [0 0 2 8] ft/SCQ AM^OfV iMCi 

9 (C^to 6 4 Q AM* if (^^flSaEP^ft-CK* ^ 

^^^V^Lfc^^tf s/ 8 tf 2y h^^fe 2 4 tr 

Qr-^ i: h 6 — 8 try hSftft^Ti 2 

3fc<7M v? - y -^tuss t mum<Dmmxmmx^ & t 

[0 0 2 9] Ell 0(^V^ — y — ^|HlKt?fl&ffli-SR 
AMCC* 1 y— KS: 1 6 try h t \,tzM^<D 1 !7— K^t* 

50 5/ fo»^i^^to ^ £ 9 i^s &mm$imzm 



(7) 



11 

*««:— ft Kfifco r-Y ^ - y — :/*rfT 5 £ £ ^T*£ 
l 6 h£8 tr^ hi*o(^#JU l!7-K8t* 

[0 0 3 0] 

[Ell] Q AM^OrV i^^^f 

mm i <©S8tt««**:/n y ^j»H-efca 0 

[0 3] Q AMS ^)fV ^^/^i^M^WIS 

EH 4] iS»*©^>f ^^A«W^8fefc«Sf£*«*« 

[05] 1 6QAM<^ffi4B3SMBI^JS:*i"ia"C*)5o 
[0 6] «iS18<0«S*#H:"C, (a) tt*6*dS*V^» 

£\ (b) «^/w^^j»*dSfc5»^«Sr*"t-o 
[0 7] OFDM7W -MBf*0iJl (a) , «]*09 2 
(b) Sr*tt-?*t*i- 0 

[0 8] 1 6QA1sACDm&(D>§L\ti/^^JVb h^gfl 
(a) , 1 6 Q-AM^jl^^SftV^^t b 0, b 
1 OfomfeT — *0>*KS09 (b) , 1 6QAM(7)f^©* 
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* Sff v^^V^i: b 2 , b 3 ^ttW^— #<OttJ&m 

(c) S:*-*ia-efc5o 

[0 9] QAMSWfV^^/HI^SM^ 

[010] RAM© 1 7 - K^«*f-^» 5 
jfe<^«*W (a) (b) SrSrfo 

[0ii] DQPSK©»'&o$fl>'y#;vitrsx 
mm (a) irSiff s^zK/ub o, bipjff^^ 
Jfe0!l (b) £^-r 0 

[012] QAMSO^^ i^/l'2ElB;*ffifcffi5#380i 

10, 20, 30, 40, 90, 120 OFDMfff 

11, 2 1, 3 1, 
1 2, 3 2, 9 2, 



20 



30 



41,91,121 F FT®] 
12 2 s<4 n ^ h v-V^/l^ffittilHl 



1 3, 
1 4, 
1 5, 
1 6, 
1 7, 

1 8, 

2 2, 
2 3 
2 4, 
9 5 
9 8 
12 5 
12 6 
12 7 
12 8 



3 3, 9 3, 1 2 3 #flg^^#/^ifi^lHlK 

3 4, 9 4, 1 2 4 «p7*— ^fLEJK 

25, 35, 44, 97 y t^^SlS 
9 6, 1 2 9 {ftKftM-JfflHlK 

9 8 ft M8tffijEm& 

26, 36, 45, 99, 130 HtfUSr^- ^ 

4 2 1 S^Ttf/HHffililtt 



4 3 HflbtKMIillS 

>r v^-y-^mss 



[01] 



[05] 



J* 



/5 



tt*e* 



fd 



12 



t3 



16 



{1,0,0,9} 0. 0,1,0) (0,0,1,0) r&O,O,0) 
O 0+3- ■ O O 



(1,0,0.1) (MU,f> 

o o+c 



o o-t 
u,tAo a,t.t,u 



o o** 

t1,t.0.0> U,U1.0) 



(o t o,\.\y to, f) 
o o 



+f +3 
o o 



o o 



1"^ 
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